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A B S T R A C T
Lumbar puncture was performed in 195 children and the depth of needle was re-
corded. Our results show that the depth of lumbar puncture necessary to obtain uncon-
taminated cerebrospinal fluid correlates best with the child’s weight. The simple for-
mula: mean depth of insertion (cm) = 1.3 + 0.07 x body weight (kg), can be used to
estimate the depth of lumbar puncture of children older than 3 months. The depths of
lumbar puncture of children younger than 3 months are mostly 1.0–1.5 cm.
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Introduction
It has been shown that anthropometric
investigations in large groups of children
can provide a multitude of valuable data
on standard measurements and expected
variation that are helpful to clinicians in
their clinical practice1–4. Lumbar punc-
ture is the technique learned by the stu-
dent first through observation then per-
formance under supervision by a physi-
cian who has mastered the technique. It is
a difficult medical procedure, because suc-
cess is not only dependant on the skill of
the physician but also the size, anatomy
and comfort of the patient5. Less experi-
enced practitioner may cause traumatic
or bloody lumbar puncture. Bloody cere-
brospinal fluid (CSF) reduces the diag-
nostic value of the procedure and may
worsen the outcome of patients6. The
knowledge of how far the needle should
be inserted may reduce unsuccessful at-
tempts and potential complications.
The aim of this study was to provide a
practical guide that would help estimate
correct depth of insertion using child’s
age, height, weight and body surface
area.
Patients and Methods
Lumbar puncture was performed dur-
ing a routine evaluation of an acute or
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chronic illness at the Departments of Pe-
diatrics and Neurology of the University
Hospital Center in Zagreb, Croatia. Of
195 studied patients, 15 were less than 1
month of age, 21 were 1 to 3 months, 49
were 4 to 12 months, 38 were 13 to 24
months, 32 were 2 to 6 years, and 40 were
older than 6 years (age range 1 day to 19
years).
Lumbar puncture was performed by
positioning the child in the right lateral
decubitus position, maximally flexed at
the waist and neck. The spinal needle
was inserted in the L–4 to L–5 vertebral
interspace. When CSF was obtained, the
needle was marked at the skin before be-
ing removed and the depth to which nee-
dle had been inserted was measured. For
each patient the authors recorded age,
weight, height, body-surface area and
depth of needle insertion. Patients were
excluded from the study if there were
macroscopic traces of blood in the CSF.
Results
The experimental data were fitted in
the least-squares sense by the polynomi-
als of the second-degree (quadratic func-
tion) and the first-degree (straight line).
If xi denotes the input variable (age,
height, body surface area or body mass),
yi denotes the corresponding set of the
lumbar puncture depth and








is a polynomial of degree N with the coef-
ficients cn, then the least-squares crite-
rion can be written as









where we wish to minimize the function
E(c0,....,cN)
7. The polynomial regression is
performed in MATLAB® software pack-
age by using the function POLYFIT8 (Fig-
ure 1).
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Fig. 1. Relation of the depth of lumbar puncture to body weight
as the second degree and the first degree polynomial.
Depth of needle insertion ranged from
0.8–7.4 cm and correlated best with body
weight. Linear regression performed for
body weight revealed the following rela-
tion:
Depth of insertion (cm) =
1.3 + 0.07 x body weight (kg).
Discussion
Our results showed that the depth of
lumbar puncture necessary to obtain un-
contaminated CSF correlates best with
child's weight. The simple formula (1.3 +
0.07 x body weight (kg)) that we devised
can now be used to estimate the depth of
lumbar puncture of children older than 3
months. The depth of lumbar puncture in
children younger than 3 months is mostly
1.0–1.5 cm. Previous studies have pro-
duced formulas for calculating the depth
of needle insertion required based on sur-
face area9, or height of children10. The
disadvantage of these studies is the fact
that height is more difficult to measure
than weight in a child, especially when
the child is critically ill. The height mea-
surement could also be quite imprecise in
infants. About 75% of children involved
in those studies were infants, while in our
study age range was wider, including pro-
portional share of infants, but the older
children were also included. The age of
patients ranged evenly from newborns to
teenage children (19 years).
Traumatic lumbar puncture could re-
sult from several misguided maneuvers,
like insertion of the needle too deeply. In
such cases, contamination with blood
may impair accurate analysis and occur-
rence of post-dural puncture haedache11.
Failure to obtain CSF when needle is in-
serted further than indicated suggests
that it is offline. In that case, a needle
should be withdrawn and second attempt
made, with attention to correct needle
orientation and proper positioning of the
patient.
Lumbar puncture is a commonly per-
formed procedure that can be difficult to
perform on children. We hope that using
formula produced by this study might in-
crease the chance of successful lumbar
puncture.
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IZRA^UNAVANJE DUBINE LUMBALNE PUNKCIJE U DJECE
S A @ E T A K
Lumbalna punkcija u~injena je u 195 djece pri ~emu je zabilje`ena dubina uvedene
igle. Rezultati su pokazali da dubina lumbalne punkcije potrebna za dobivanje nekon-
taminirane cerebrospinalne teku}ine najbolje korelira s te`inom djeteta. Za izra~una-
vanje potrebne dubine lumbalne punkcije u djece starije od 3 mjeseca mo`e se koristiti
jednostavna formula koju smo razvili temeljem vlastitih rezultata: prosje~na dubina
(cm) = 1,3 + 0,07 x tjelesna te`ina (kg). Potrebna dubina lumbalne punkcije u djece
mla|e od 3 mjeseca je naj~e{}e 1,0–1,5 cm.
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